ABSTRACT. Genetic diversity in crops is essential to make improvements related to superior germplasms. Implementation of molecular markers to identify suitable genotypes speeds up the breeding progress by enhancing selection efficiency. This study was carried out to probe genetic diversity among 21 maize genotypes using 20 inter simple sequence repeat (ISSR) markers. We identified a total of 190 polymorphic bands with an average of 9.5 alleles per primer. The highest number of polymorphic bands (17) was found using ISSR marker UBC-10, whereas the lowest number of polymorphic bands (4) was found using UBC-809. The coefficient of genetic similarity ranged from 0.888 to 0.118%. The highest similarity was found between accessions 12 (015224) and 9 (015114), whereas the lowest similarity was found between genotypes 20 (EV-5098) and 14 (015030). The polymorphism information content ranged from 0.17 to 0.47. A dendrogram was generated based on Jaccard's distance matrix. The genotypes were found to group into two major clusters that could be further partitioned into two sub-clusters. Genotypes located within the same cluster are genetically more closely related to each other. The present study efficiently identified diverse genotypes that may be used for creating new varieties with distinct characteristics. The identified genotypes could be used as parents for future development of diverse populations.
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INTRODUCTION
Maize (Zea mays L.) is an important cereal crop belonging to the genus Zea, family Poaceae, and tribe Maydeae. It is widely grown across the globe and ranked third following wheat and rice in production. To produce new cultivars under changing environmental conditions the importance of genetic diversity cannot be ignored. Exploration of genetic diversity to obtain useful variation has great potential for crop breeding programs. In maize, evaluation of genetic diversity is a pre-requisite for the production of diverse inbred lines and has a pivotal importance for the development of transgressive hybrids. It is also important for germplasm improvement and development of maize synthetics with novel genes for desired traits associated with biotic and abiotic stress tolerance (Hoxha et al., 2004) .
Genetic diversity analyses can be performed using different methods including those using morphological traits, pedigree records, and molecular markers (Cox et al., 1986; Marić et al., 1998) . Genetic diversity assessments based on morphological markers have been extensively used in various crop plants to generate information for breeding programs (Hoxha et al., 2004; Sajjad et al., 2011) .
The evaluation of genetic diversity based on morphological markers is a timeconsuming process. Furthermore, it does not portray the exact nature of the genetic diversity in a species because morphological traits are greatly influenced by environmental factors. Similarly, markers based on biochemical and cytological parameters have also been used to determine genetic diversity in crop plants. Due to their limited coverage, these markers are unable to evaluate the whole genome of crop plants (Islam and Shepherd, 1992) . Compared with other marker systems, molecular marker systems are generally considered to be independent of environmental influences and have greater genome coverage. Molecular markers are consistent in the entire plant body. Therefore, these markers are not influenced by pleiotropic, epistatic, or environmental factors (Agarwal et al., 2008) . Molecular markers have offered tremendous contributions in the exploration of genetic diversity, population structure analyses, and gene mapping in a number of species (Helentjaris et al., 1986; Ahmad et al., 2014) . Furthermore, molecular markers have successfully been used to tag genomic regions linked with trait expression. These functional markers could be used for marker assisted selection (MAS) in variety development programs.
Commonly used molecular markers are simple sequence repeat markers (SSRs), randomly amplified polymorphic DNA markers, single nucleotide polymorphisms, and inter simple sequence repeats (ISSRs) (Tautz, 1989; Welsh and McClelland, 1990; Reddy et al., 2002) . Data generated using these markers are used for the development of genetic maps in almost all field crops. These markers are the best choice to identify variation among different accessions due to easiness in their use, cost and repeatability of the results (Schlötterer, 2004; Schulman, 2007; Bernardo, 2008) . These markers are extremely useful to estimate genetic distance because they are not affected by the environment. Among different marker systems, the ISSR system is the most efficient and reproducible (Reddy et al., 2002) . ISSR markers successfully target multiple SSR loci dispersed across the genome. Therefore, ISSRs are useful for identifying diverse genotypes by producing a large number of markers (Dalamu Behera et al., 2012) .
The present study was conducted to estimate genetic variation at the molecular level among maize germplasms using ISSR markers. The aim was to identify the most genetically variable genotypes that may be used in future breeding programs to develop promising genetic materials with improved maize crop characteristics.
MATERIAL AND METHODS
We evaluated 21 maize genotypes with different origins (Table 1) . We used ISSR markers in the genomics laboratory of the Department of Plant Breeding and Genetics, Faculty of Agricultural Sciences and Technology, Bahauddin Zakaryia University, Multan. The genotypes used in this study were selected on the basis of their diverse performance under water limited conditions. 
DNA extraction
The DNA extract was obtained from the tissue of the 21 genotypes when the seedlings were 4 days old. DNA was extracted using the CTAB method as explained by Edwards et al. (1991) . Leaf tissue (0.5 g) was ground into a fine powder, using liquid nitrogen in pre-chilled pestle and mortar. Pre-heated (1 mL, 65°C) CTAB buffer was added to the leaf tissue powder. Of this solution, 750 µL was placed in Eppendorf tubes and placed in a hot water bath at 65°C for 45 min. An equal volume of chloroform isoamyl alcohol was added to the solution and mixed gently followed by centrifugation at 13,000 g for 10 min.
The supernatant was transferred to new Eppendorf tubes and pre-chilled isopropanol was added. The solution was then mixed gently until DNA threads could be observed. The solution was incubated at -70°C for 10 min followed by 10 min centrifugation at 13,000 g. The supernatant was discarded and the DNA pellets were washed with 70% ethanol. The ethanol was removed from the samples that were then allowed to dry for 2 h. After dissolving the pellet in 150 µL water, the DNA samples were stored at -20°C until further use. The DNA concentration was estimated using a Nanophotometer (1286, Implen, UK) as well as using a gel electrophoresis procedure.
Polymerase chain reaction (PCR) amplification
For the genetic diversity analysis, 21 maize accessions were explored using 20 ISSR markers. These markers had been successfully utilized for molecular characterization by Ashraf et al. (2016) . A detailed list of the ISSR markers along with their sequences and annealing temperatures is presented in Table 2 .
The PCR reaction mixture added up to a total volume of 20 µL and contained 2.0 µL Taq buffer, 2.0 µL ISSR primer, 2.5 µL MgCl 2 , 11.3 µL d 3 H 2 O, 1.0 µL dNTPs, 0.2 µL TaqDNA Polymerase, and 1.0 µL template DNA. In each PCR tube containing 1 µL template DNA, 19 µL master mix was dispensed. The PCR tubes were then placed on a thermocycler machine (Bio Rad, Power Pac, Universal power supply, Singapore) after a brief spinning. The amplification conditions consisted of an initial denaturation step of 4 min at 94°C; 40 cycles of 1 min at 94°C, 1 min at 52°C, and 2 min at 72°C; followed by a final elongation step of 10 min at 72°C. The PCR products were separated on 2% agarose gel.
Statistical analysis
For the ISSR marker analysis, the gels were scored for band presence/absence, generating a binary matrix. A genetic similarity matrix was calculated on the basis of Jaccard's similarity coefficients using the unweighted pair-group of arithmetic means (UPGMA) procedure. A dendrogram was also drawn using similarity coefficients as suggested by Randi et al. (1989) . All analyses were carried out using NTSYS v. 3 software system. The polymorphism information content (PIC) value of each primer was determined using the formula suggested by Ghislain et al. (1999) :
in which p denotes the frequency of the allele bands present and q denotes the frequency of the allele band absent.
RESULTS

ISSR data analysis
The genetic diversity among the 21 selected maize genotypes was explored using 20 ISSR markers. Of 25 primers, 20 showed polymorphism. Only the polymorphic primers were included in the final analysis.
A total of 190 different alleles were amplified by the 20 ISSR primers yielding an average of 9.5 ISSR alleles per locus. ISSR primer UBC-810 generated efficient marker profiles for all 21 maize genotypes (Figure 1 ). Primer UBC-810 showed the highest number of polymorphic alleles (17), followed by primer UBC-815, which scored 14 polymorphic alleles. The lowest number of alleles was found for UBC-809, which showed only four polymorphic alleles (Table 3 ). The PIC ranged from 0.17 to 0.47. Primer UBC-810 showed the maximum PIC value, followed by UBC-811. By contrast, UBC-805 showed the lowest PIC value (Table 3 ). A genetic similarity matrix for 21 maize accessions was constructed following Randi et al. (1989) (Table 4 ). The genetic similarity coefficient, based on the polymorphic ISSR markers, ranged from 0.888 to 0.118%. The highest similarity coefficient was found between accessions 12 (015224) and 9 (015114), whereas the lowest similarity was found between genotypes 20 (EV-5098) and 14 (015030) showing genetic variation among 21 maize accessions. Table 4 . Average estimates of genetic similarity using 20 inter simple sequence repeat (ISSR) primers. A cluster analysis was done on the basis of similarity values shown in Figure 2 . The dendrogram showed two major clusters (Group 1 and Group 2). Group 2 was further subdivided into two groups G1 and G2. G2 could be further subdivided into two subgroups G2A and G2B. The accessions that grouped in subgroups G2A and G2B were more similar to each other compared to genotypes located in other groups. For example, genotypes 4 (014936) and 10 (015182), which were located in subgroup G2A, were more similar or more closely related compared to genotypes from other subgroups. Genotypes 8 (015084) and 16 (015129) showed the maximum dissimilarity with the rest of the genotypes. Finally, 14 genotypes (014955, 015084, 015114, 015135, 015224, 015030, 015125, 015129, 015262, Sahiwal-2002, Agaiti-2002, EV-5098, and EV-6098) were selected for use in future breeding programs. 
DISCUSSION
Genetic diversity is a very important phenomenon for the success of crops in field. If diversity is not observed in the genetic material, it is impossible to obtain the best performance of the plant with other desirable parameters because selection is based on genetic variability. It is necessary to evaluate germplasms using molecular tools like ISSR markers because selection based on phenotypic parameters is suboptimal due to certain limitations such as environmental variations (Hoxha et al., 2004) .
The results obtained from the molecular characterization indicated that sufficient genetic diversity was present (0.88-0.11) among the studied genotypes. Therefore, the genetic diversity revealed in this study is a resource that may be used for successful hybrid breeding programs. Júnior et al. (2011) revealed genetic diversity among maize genotypes using 15 ISSR primers and amplified 266 bands, out of which 228 (88.9%) were polymorphic. Likewise, Najaphy et al. (2012) observed genetic diversity in wheat genotypes using ISSR markers and identified sufficient polymorphisms and reproducible fingerprint profiles. The high polymorphism rates (88%) found in UBC-810 and other ISSR primers in this study indicated that molecular characterization of genotypes using ISSR markers is an efficient strategy. This level of polymorphism is similar to results found in previous studies (Agostini et al., 2008; Trindade et al., 2008 Agostini et al., 2010 . Júnior et al. (2011) identified a range of polymorphic alleles between 4-11, which was lower than that observed in the present study. This indicates that the germplasm accessions studied here have more genetic diversity. Carvalho et al. (2002) also revealed 75.8% polymorphism using ISSR markers in maize, which is in accordance with the results obtained in the present study. Our study revealed the efficiency of ISSR markers in the identification of variability among maize genotypes. PIC values, as obtained in this study, have been extensively used in various genetic diversity analyses. The moderate to high PIC values obtained here indicate the importance of DNA markers in germplasm analysis, gene mapping, and molecular breeding (Khaled et al., 2015) . The PIC values obtained in this study also show the diverse nature of these maize genotypes.
The cluster analysis based on the UPGMA method was used to group genotypes based on similarity. Genotypes located in different clusters should be considered for genetic enhancement programs or hybrid breeding programs. Genotypes located in the same group are more closely related and care should be taken when using similar genotypes in hybrid breeding programs. In this study, we observed 14 genotypes that may be suitable for future genetic enhancement programs based on their diversity. Júnior et al. (2011) also identified different clusters of maize genotypes using ISSR markers. The division of accessions in different groups shows that they are diverse and can be used in future breeding program. Other researchers have also used similar methodologies to select diverse genotypes based on morphological and molecular traits (Munhoz et al., 2009; Silva et al., 2009 ). Our results suggest that the studied genotypes are diverse and may be utilized for further breeding programs.
